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Background: To compare intraocular pressure (IOP) readings using the Icare rebound tonometer 
(RBT) versus the Goldmann applanation tonometer (GAT) in late elderly (aged 75 years or 
older) subjects with or without glaucoma, and to evaluate the influence of central corneal thick- 
ness (CCT) on IOP readings. 

Methods: The IOP measurements were obtained using the RBT and GAT, and CCT was 
measured using a specular-type microscope. Bland-Altman analysis was used to assess the 
clinical agreement between the two instruments. The influence of CCT adjusted for age on IOP 
readings was analyzed by multiple linear regression analysis. 

Results: This study included 58 eyes of 29 normal subjects and 54 eyes of 28 glaucoma patients. 
The mean age was 80.7±4.3 years (normal subjects) and 83. 1+5. 1 years (glaucoma patients). 
The mean IOP readings were 13.6+3.5 mmHg and 13.2+2.8 mmHg (using the RBT and GAT, 
respectively) for normal subjects, andl3.6+3.3 mmHg and 13.5+2.9 mmHg for glaucoma 
patients. The 95% confidence interval of the differences between the two instruments was -3 .3 to 
4.0 mmHg for normal subjects and -2.9 to 1 .6 mmHg for glaucoma patients. The IOP readings 
by two instruments were significantly correlated with CCT in eyes with glaucoma (for the RBT, 
[3=0.036 and P=0.002, and for the GAT, |3=0.021 and P=0.033) but not in normal eyes. 
Conclusion: IOP readings measured using the RBT and GAT showed within the allowable 
range in the late elderly subjects with or without glaucoma. Eyes with glaucoma were correlated 
closely with CCT using each instrument. 

Keywords: rebound tonometer, Goldmann applanation tonometer, late elderly, central corneal 
thickness 

Introduction 

Previous randomized clinical trials have established the efficacy of reducing intraocular 
pressure (IOP) in patients with glaucoma, 1 " 5 confirming that IOP management plays 
a central role in preventing further progression of glaucomatous optic neuropathy. 6-8 
Although the Goldmann applanation tonometer (GAT) (Haag Streit, Koeniz, 
Switzerland) has been recognized as the gold standard tonometer up to the present 
date, 9 some limitations associated with the instrument have been reported, including 
the influence of central corneal thickness (CCT) on IOP readings, 10-12 the necessity of 
topical anesthesia, 13 the requirement of a certain amount of experience in measurement, 
the nonutility for babies or bedridden patients, and the risk of secondary infection via 
exposure to the cornea. 14 

The Icare® rebound tonometer (RBT) (Icare TAOli, Tiolat, Finland) is a 
compact, handheld contact tonometer that does not require topical anesthesia. 15 
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Consequently, because of its simplicity and noninvasive 
nature, the RBT is used widely in children. 16 " 18 However, 
the agreement between RBT and GAT readings in children 
is debated, and more data are necessary to assess the dif- 
ferences, including data at various IOPs. 19 - 20 One reason is 
that the RBT might be affected by IOP. 2122 Moreover, it is 
necessary to investigate the effect of CCT on the RBT in 
infants and young children. In recent years, various RBT 
models have been marketed. It is now possible for patients 
to measure their own IOP; 23 alternatively, it can be measured 
in the clinic in positions other than horizontal (ie, spine or 
decubitus positions). 24 

Studies comparing IOP measured in normal eyes and 
in those with glaucoma, using the RBT (Icare) and GAT, 
reported that the IOP readings tended to be higher using 
the RBT than the GAT 21 - 25-41 However, one study reported 
higher IOP readings using the GAT. 42 Like the GAT, the 
RBT has also been reported to be influenced by corneal 
properties. 33,36,43-45 Both RBT and GAT overestimate IOP in 
eyes with a thicker cornea, and vice versa. 

To date, no studies have projected to compare IOP read- 
ings measured by both instruments in late elderly (aged 
75 years or older) subjects. The mean age of subjects in previ- 
ous studies ranged not more than 72 years. As the average life 
expectancy in society continues to increase, greater numbers 
of geriatric patients with difficult-to-measure IOP by GAT are 
expected because of their ocular or physical problems; there- 
fore, occasions for using handheld tonometers such as RBT 
will increase much more in upcoming medical practice. 

The aim of this study was to evaluate the utility of the 
RBT by comparing it with the GAT in late elderly subjects 
with or without glaucoma, and to investigate a correlation 
between IOP readings and CCT. 

Materials and methods 

Late elderly Japanese normal subjects and glaucoma patients, 
including those undergoing medical treatment, were recruited 
at the Tokyo Metropolitan Geriatric Hospital, Tokyo, Japan. 
Glaucoma was defined according to the presence of glau- 
comatous optic nerve head damage with corresponding 
visual field damage. Eyes were excluded in patients with 
ocular surface disorders (eg pterygium), which prevent IOP 
measurements. 

IOP measurements were taken by one well-trained oph- 
thalmologist at a routine outpatient clinic. To minimize the 
possible reduction in IOP caused by eye oppression from 
contact with the tonometer, 46 IOP measurements were taken 
by the RBT (Icare) first. Two sequential IOP readings (the 



right eye first) were measured. For the RBT, the mean of 
six consecutive measurements after removing the highest 
and lowest measurements were displayed with a quality 
indicator (P). IOP readings were accepted when the hori- 
zontal line (standard error; standard deviation) showed in the 
lowermost part in the display. Next, after applying one drop 
of topical oxybuprocaine hydrochloride anesthesia (0.4% 
Benoxil*, Santen, Tokyo, Japan), we used the calibrated GAT 
connected to the slit-lamp microscopy. Also, two sequential 
IOP readings (the right eye first) were measured. The average 
IOPs were used for analysis. CCT was measured using a 
specular-type microscope (Noncon Robo, Konan Medical, 
Nishinomiya, Japan) on the same visiting day. 

We are planning a study of a continuous response vari- 
able from matched pairs of study subjects. Preliminary data 
indicate that the difference in the response of matched pairs is 
normally distributed, with a standard deviation of 2.5 mmHg. 
If the true difference in the mean response of matched pairs 
is 1 mmHg, we will need to study 58 pairs of subjects to be 
able to reject the null hypothesis that this response difference 
is zero with a probability (power) of 0.85. The type I error 
probability associated with this test of this null hypothesis 
is 0.05. The Bland-Altman plot 47 was used to evaluate the 
differences in IOP readings. The difference between IOP 
measurements was plotted against the mean. The correlation 
between the IOP obtained using the two instruments and the 
CCT was analyzed by multiple linear regression analysis 
adjusted for age. 

In normal subjects or glaucoma patients, we used the 
following equation: 

y(IOP) = p 0 +(3 1 xCCT+p 2 xage 

where P 0 is intercept and P t and p 2 are regression coefficients 
for CCT and age, respectively. Regarding IOP, we analyzed 
RBT and GAT separately. Two-tailed values of P<0.05 
indicated statistical significance. All analyses were performed 
using JMP version 9.0.2 statistical software (SAS Institute 
Inc., Cary, NC, USA). 

This study was conducted in accordance with the Decla- 
ration of Helsinki, and the study protocol was approved by 
the Ethics Committee of the Tokyo Metropolitan Geriatric 
Hospital. Informed consent was obtained from participants. 

Results 

A total of 29 normal subjects (58 eyes) and 28 glaucoma 
patients (54 eyes) completed this study with no ocular/ 
systemic side effects. The results for 54 glaucoma eyes were 
as follows: 43 eyes were normal tension glaucoma (34 eyes 
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with medications, nine eyes without medications), eight 
eyes were primary open-angle glaucoma (eight eyes with 
medications), one eye was secondary open-angle glaucoma 
(with medications), and two eyes were without glaucomatous 
optic neuropathy. 

IOP readings and consistency 
of the two instruments 

The mean IOP readings used by the RBT and GAT were 
13.6+3.5 mmHg and 13.2+2.8 mmHg (mean difference 
0.34 mmHg, P=0.22) in normal subjects, and 13.6+3.3 mmHg 
and 13.5+2.9 mmHg (mean difference 0.14 mmHg, P=0.53) 
in glaucoma patients. The 95% limits of agreement between 
the RBT and the GAT ranged from -3.3 mmHg to 4.0 mmHg 
in normal subjects and from -2.0 mmHg to 1.6 mmHg in 
glaucoma patients (Figures 1 and 2). Eyes with differences 
within ±1 mmHg measured by both instruments were 
23/58 (40%) for normal subjects and 24/54 (44%) for glau- 
coma patients. 

CCT influence on IOP readings 

Mean CCT was 561+38 p.m (range 465-632 \im; median 
567 |im) for normal subjects and 549±44 um (range; 
439-624 u.m; median 546 |im) for glaucoma patients. In 
multiple linear regression analyses adjusted for age, IOP 
reading for glaucoma eyes was correlated positively with 



CCT (for the RBT, (3=0.036 and P=0.002 and for the GAT, 
(3=0.021 and P=0. 033), whereas no correlation was found in 
normal eyes (for the RBT, (3=0.005 and P=0.76 and for the 
GAT, (3=0-015 andP=0.27) (Table 1). 

Discussion 

The RBT is a handheld tonometer that does not require 
topical anesthesia, which has been proved to be useful in 
animal/human studies. 42 - 48 Although many previous compara- 
tive studies have investigated its usability, 21 - 25 ^ 1 our study 
included patients with the greatest mean age (8 1 .9+4.8 years, 
overall). 

Previous studies demonstrated that the RBT instrument 
resulted in a slight overestimation (mean 0.9 mmHg) of 
IOP measurement in eyes in the presence or absence of 
glaucoma compared with the GAT. 40 In contrast, Kontiola 
et al 42 demonstrated that IOP readings using the GAT 
were higher than those using the RBT (estimated equation 
RBT =0.9 x GAT -4.8 mmHg). However, it should be con- 
sidered that the RBT used in that study was a prototype; more- 
over, the background of the enrolled patients was unclear. For 
this reason, it may be too hard to make an assertion about the 
homologous comparison between the RBT and the GAT. 

In our study, the difference in IOP readings using the 
two instruments was 0.34 mmHg for normal subjects and 
0.14 mmHg for glaucoma patients. These results would 
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Figure I Bland-Altmann plot of the rebound tonometer (RBT) readings minus the Goldmann applanation tonometer (GAT) readings (mmHg) versus the mean of both in 
normal subjects. 
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Figure 2 Bland-Altmann plot of the rebound tonometer (RBT) readings minus the Goldmann applanation tonometer (GAT) readings (mmHg) versus the mean of both in 
glaucoma patients. 



demonstrate that IOP measurements were not consistently 
overestimated or underestimated using the RBT compared 
with the GAT, suggesting that the RBT is useful and practi- 
cable compared with the GAT, even in late elderly subjects. 
The width of 95% limit of agreement was widely distrib- 
uted (-4.3 mmHg to 6.1 mmHg) in a systematic review. 40 
Although a direct comparison cannot be made, our study 
showed a 95% limit of agreement within -3.3 mmHg to 
4.0 mmHg (overall subjects), which was in the allowance 
range among the previous studies. 

CCT is known to influence IOP measurements when 
using the contact applanation tonometer. 10 ~ 12,33 ' 36,43-45 The 
IOP change could be somewhat overestimated in eyes with 
a thicker cornea. One study that investigated the influence 
of corneal properties (CCT, corneal hysteresis [CH], and 
corneal resistance factor [CRT]) on the RBT revealed that 
RBT measurements were affected by CH and CRF but not 

Table I Multivariable analysis of factors associated with RBT- 
IOP and GAT-IOP in normal subjects and glaucoma patients 3 

Normal subjects Glaucoma patients 

RBT-IOP GAT-IOP RBT-IOP GAT-IOP 

Age, y 0.14 (0.43) 0.076 (0.57) 0.016 (0.87) 0.011(0.90) 
CCT, u.m 0.005 (0.76) 0.015 (0.27) 0.036 (0.002) 0.021(0.034) 
Note: a Data are shown as regression coefficient (P-value). 

Abbreviations: CCT, central corneal thickness; GAT-IOP, Goldmann applanation 
tonometer intraocular pressure; RBT-IOP, rebound tonometer intraocular pressure; 
y, years. 



by CCT in multiple regression analysis. 44 However, it can 
be difficult to measure the CH or CRF in the outpatient 
clinic, and the CCT measurement is a classic and conve- 
nient method for measuring corneal properties. Indeed, the 
IOP was positively correlated with the CCT in univariate 
analysis in the same study (r=0.5, P<0.01). 44 Wong et al 49 
had reported that CCT did not correlate with IOP after being 
adjusted for age in elderly subjects aged over 60 years, 
although the demographic data of age and population are 
different from ours. Our result showed a positive correla- 
tion between CCT and the IOP readings in glaucoma eyes 
but not in normal eyes. The fact that correlation with CCT 
was observed in glaucoma eyes by each instrument recon- 
firms the importance of CCT measurements in glaucoma 
management. 

Although IOP shows a trend toward a subtle inverted 
U-shape relationship with increasing age, 49 the prevalence 
of glaucoma increases in proportion to increasing age. 50 
The main advantage of the handheld tonometer is its utility 
in assessing some geriatric patients who cannot transfer to 
an examination table due to a physical disability or a wheel- 
chair, or those with ocular disability such as blepharospasm. 
Although other portable devices apart from RBT may also 
be serviceable: eg, the Tono-Pen* (Tono-Pen XL, Reichert, 
Inc., Depew, NY, USA), Perkins tonometer (Haag-Streit 
USA, OH, USA), orpneumatonometer, (PTG, Reichert, Inc., 
Depew, NY, USA), they require calibration adjustment and 
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topical anesthesia at the time of measurement. Use of these 
instruments should be considered in light of the advantages 
and disadvantages of each. 

Because most participants in this study were normal 
subjects or patients with normal tension glaucoma includ- 
ing treatment, the mean IOP difference could not help but 
be small. The difference between the RBT and the GAT is 
reported to become more obvious in cases with high IOP 
values. 21 Future studies should increase the number and 
include subjects with a varied range of IOP. Furthermore, 
because other factors related to IOP (such as blood pres- 
sure, refraction, and body mass index) are reported, 51-53 
we need to consider the result from various orientations 
in the future. 

Conclusion 

We evaluated the utility of the RBT in terms of comparing 
with the GAT in late elderly subjects. A slight difference 
in IOP readings appeared to be within the allowable range. 
Careful attention is required when interpreting IOP readings 
in glaucoma eyes, because both instruments were positively 
correlated with the CCT Our findings might suggest the util- 
ity of this handheld tonometer in the late elderly, especially 
for those in whom it may be difficult to perform measure- 
ments using the GAT. 
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